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(54) Process for the preparation of polycarbonate copolyester diols 

(57) The invention describes a process for the preparation of polycarbonate copolyester diols with a molecular 
weight ranging between 1000 and 6000 units having the following general formula: 

9 9 

H0-. [ ( -R^OCO- ) ( -R^CO- ) ] -R^ —OH ( I ) 
wherein the polycartx>nate or polyether polycartx>nate dbl units 

-(R,-0(?0-)„- 

represent a proportion of between 30 and 70% by weight of the whole polycait)onate or polyether carboriate copolyes- 
ter diol 



- Ri is a divalent organic radical deriving from one or more polyetherglycols or aliphatic glycols containing from 4 
to 20 cait)on atoms: 

- R2 is a divalent aganic radical con-esponding to a cyclic lactone having a ring with 4, 6, 7 atoms or an organic 
residue deriving from a lactide or glycolide; 

- n and m, the same or different can have any value between 2 and 40; 



said process being characterized in that cyclic esters having the fonnuia: 

(II) 



Cg..o 



CM 
< 

CO 

^ wherein has the mearang ddined above, are reacted with polycartnnate or polyethercartxniate diols having the for- 
inula: 

CO 

o 

Q. 
u 
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HO— (R,0&) „— R^— OH 



(III) 



wherein R, and m have the meaning defined above, at a temperature RANGING between 100' and ISCC and for a 
time between 2 and 10 hours. 
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Description .... ... _ _ . . 

The present invention relates to a process for the preparation of polycarbonate co-polyesterdiols. 

More specifically, it relates to a process for the preparation of polycarbonate and polyether caibonate co-polyester- 
diols which consists in reacting cyclic esters with polycarbonate and polyethercarbonate diols under particular operat- 
ing conditions. 

The invention also relates to the polycarbonate and polyethercarbonate co-polyesterdiols obtained with the above 
process. 

The polycarbonate and polyethercarbonate copolyester diols of the present invention are characterized in that they 
are liquid with low viscosity at room temperature, they have a low glass transition temperature and can be usefully 
applied in the manufacturing of polyurethane end-products, thermoelastomers. paints and adhesives. 

A variety of syntheses for the preparation of polycarbonate copolyesters are known in the art. 

For example, polyester polyols can be obtained by the alcoholysis of cyclic lactones, as described in the article of 
Robson R Storey (JMS. Pure Appl. Chem.. 4 33 (1). 77, 1 996). In the alcoholysis reaction e-caprolactone is added to a 
did such as, for example, ethylene glycol, butandiol etc., to give oligomeric polyesters containing the glycol used as ini- 
tiator in their structure. The yields of this reaction however are not quantitative and. in addition, high quantities of cata- 
lyst are used. According to the article, the conversion of £-caprolaclone is 84% operating in the presence of 0.4% by 
weight of an optimum catalyst such as stannous octoate. 

Robert F Harris (J. Appl. Polym. Sc. 44, 605 1992) discloses that polyether polycarbonate co-polyesterdiols can 
be obtained by modifying polyether polycartonate diols with polyesters, at a temperature of 1 75«C and in the presence 
of sodium stannate as catalyst at 0.5% by weight of the reagents. 

The process described by Han-is has the cfisadvantage of using relatively high levels of catalyst which make it dif- 
ficult to purify the end product from the catalytic residues, a necessary requisite for the application of the polyol in the 
synthesis of polyurethanes. 

In addition, the "molecular weight advancement" method used for controlling the molecular weight of the polyol has 
the disadvantage of requiring high process temperatures. > 175*»C. to eliminate under conditions of high vacuum the 
most volatile glycol from the reaction environment by distillation. 

U.S. patent 461 6529 descrtoes the preparation of polyether polycartDonate copolyester diols by the copolymeriza- 
tion of polyester diol (polycaprolactone diol) and ethylene cart)onate in the presence of sodium stannate as catalyst; the 
molecular weight of the polyol is controlled by the "Molecular weight Advancement" process. As an alternative to ethyl- 
ene carbonate, ethyleneoxide and caitK>n dioxide can be used. TTie process does not eliminate however the above 
drawbacks due to the use of the "molecular weight advancement" process and also uses reagents which are relatively 
costly (ethylene carbonate) or difficult to handle (ethylene oxide and cartK)n dioxide) which require medium or high proc- 
ess pressures (from 20 to 80 Kg/cm^). 

U.S. patent 3301824 describes polyether polycarbonate copolyester diols obtained by anionic copolymerization. by 
grafting on a diol used as initiator, cyclic esters (lactones), in particular caprolactone. and cyclic carbonates with a wide 
ring such as that which can be obtained from diethyleneglycol (Ger.offen. 3.103.135) or from hexan 1.6 diol (Geroffen. 
3.103.137): the two cyclic cartx)nates with a wide ring are synthesized however with non-quantitative yields and the 
process conditions for isolating them in their pure state are difficult to embody. 

J.R Pat 61 1 15.925 (CA 106.85679) describes polycartx)nate co-polyester diols obtained by the direct transesteri- 
f ication of hexandiol and cyclic lactones, in particular s-caprolactone by dialkylcarbonates in the presence of transes- 
terification catalysts: the process requires rather high temperatures and the molecular weight control can be obtained 
by "Molecular weight Advancement" which has the disadvantages mentioned above; as well as this, owing to the high 
process temperature (170-200*C). the reaction is less generally applicable, as some lactones, lactides and glycolides 
are sensitive, in this tenperature range, to thermal depolymerization. 

The applicant has now found that polycarbonate and polyethercarbonate copolyester cfiols can be directly obtained 
by the addition of polyether carbonate diols or polycarbonate diols to cyclic esters, more or less quantitatively, in rea- 
sonably short times and within a relatively moderate temperature range. 

In addition the reaction does not require other catalysts apart from those used for the synthesis of the polycar- 
bonate or polyether carbonate diols. 

More specifically, the present invention relates to a process for the preparation of polycartx)nate and polycarbonate 
copolyester diols with a molecular weight ranging between 1000 and 6000 units having the following general fbnnula: 
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(i 11 

HO— [ ~ ( -R,OCO- ) ( -RjCO- ) „- ] -R, ~0H ( I ) 



wherein the polycarbonate or polyethercarbonate diol unit 



0 

-(Rl-OCO-)„- 

IS 

represents a proportion of between 30 and 70% by weight; 

- Ri is a bivalent organic radical deriving from one or more polyetherglycols or aliphatic glycols containing from 4 to 
20 carbon atoms; 

20 ' R2 is a bivalent organic radical corresponding to a cyclic lactone having a ring with 4,6.7 atoms or an organic resi- 
due deriving from a lactide or glycoiide; 

- n and m, the same or different can have any value between 2 and 40; 

sard process being characterized in that cyclic esters having the formula: 

25 

O 



wherein Rg has the meaning defined above, are reacted with polyethercarbonate or polycarbonate diols having the for- 
mula: 

35 

O 

HO (RiOCO)„ OH (III) 

40 



wherein R^ and m have ttie meaning defined above, at a temperature of between 100** and ISO'^C and for a time 
between 2 and 10 hours. 

When two or more units deriving from aliphatic glycols or polyetherglycols enter to form part of structure I. R^ rep- 
resents the radical of a glycol whose molecular weight comes from the weight average of the organic radicals of the gly- 
cols which it represents. 

In particular R, can be one or more of one of the following radicals or nonnaOy represents two or more of these- - 
(CH2)4S-(CH2)5-; 



so 



.CH, 



-(CH2)2-CH-(CH2)2-i 



55 

-(CH2)8-: ■{CH2)9-: 



4 



EP0 849 303 A2 



C„3 

-CHj-CH-CCHj)^-; 



•(CH2)io •; -(0^12)12-; 



10 



15 



-CH, 




20 



-(CHa • CHg 0)i.9-CH2-CH2- 



-CH. 




or 



CH,- 



25 



CH3 CH3 
-(CH2 - CHj 0),.5— (CH2-CH2 0),.^-CH2 - CH 



30 -(CHg-CHg-CHa-CHaO),^ CH2-C2-CH2-CH2--(CH2-CH2-CH2-CH2-0)i.4 {CH2-CH2-0)-CH2-CH2- 



35 



CH, CH, 

/ 1 

- (CH2-CH2-O) i.s-CHj-CHj- 



R2. in particular, can consist of the following divalent organic radicals: 



40 



CH, 



I 

-CHj-CHj-; CHg-CH; -(CH2)4 



45 



CH, 



CH, 



-CH2-CH2-CH2-CH- ; -CH2-CH2-CH-CH2-' 7 



so 



55 



s 
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CHjCH)© CHjCH) 
-CH~-C-0~CH- ; 
CH3 (H) CH3 (H) CH3 (H) CH3 (H) 
-CH2^C~CH2~CH--^C~ ; 



The products having structure I are obtained by adding the compounds having structure II to those having structure 
111 at the process temperature which is preferably maintained within the range of 120** to 1 70*^0. 
IS As the addition reaction of 11 to III is exothermic the process temperature must be kept under control and the addi- 
tion graduated over a time of 1 -4 hours. 

At the end of the addition tiie process temperature can be raised by 10*-40*C remaining however within the range 
indicated to complete the reaction, which requires from 2 to 8 hours. 

The conversion of II is generally higher than 9S% and in the most favourable cases complete, as in the case when 
20 1 1 is £-caprolactone. 

To eliminate the possible presence of II in the case of incomplete conversion (conversion of 95-99%), II can be 
removed at 1 10-120*'C under vacuum at 0.02 mm Hg until the level of II in I is less than 0.2%. 

The reaction is practically quantitative and is can-led out without catalysts apart from those used for tfie synthesis 
of the polyether polycattx)nate diols. 
25 Optionally, to accelerate the reaction times, catalysts can be used on tiie reagents, up to a level of 50 ppm and pref- 
erably 20 ppm, selected from the group of organometallic compounds or from tertiary amines with pKb>12, and prefer- 
ably from a combination of the two groups. 

Among the organometallic compounds, compounds deriving from di and tetravalent tin are preferred; among the 
amines, cyclic amines are preferred. 
30 Among the compounds of tin, tin dibutyldflaurate. tin octoate are particularly suitable, among the amines, 1,4- 
diazabicydo f2-2-2]octane, 1,5.7 triazabicydo [4-4-C]dec 5-ene and its N melhylderivative, 1.5 diazabicy- 
clo[4,3,0]non5ene and 1 .8 diazabicydo [5,4.0] undecTene. can be mentioned. 

Optionally, otfier additives can also be added to remove traces of free adcGty possibly present in the lactones (lac- 
tides, glycolides) such as epoxides, cartjoimides up to a niaximum level of 0.2%. 
35 For tfiis purpose, an epoxide, preferably glycidol, is added at a maximum level of 0. 1%. 

Other additives include antioxidants and process stabilizers, among tfiese those of tfie group of sterically hindered 
phenols and phosphites can be mentioned; tiieir total content is 0.1% maximum and preferably 100 ppm. 

Polycait)onate and polyethercartjonale diols having formula III suitable for tiie synthesis of products having formula 
I can be prepared by tiie transesterification of dimetiiyl carbonate with polyether glycols or glycols deriving from R^, in 
40 the presence of a catalyst consisting of a titanium salt or an oxide, hydroxide or a carbonate of alkaline or earth alkaline 
metals. 

In fact, alttiough polycarbonate and polyethercarbonate diols having formula I can be obtained with a variety of syn- 
thetic methods (from phosgene or by transesterification witti dialkyl. diallyi. diaryl and alkylene carbonates) those 
<A)tainKj with the method desaibed above have the advantage of a low level of catalytic residues (<20 ppm of transition 
45 metals) and at ttie same time of having suffident reactivity to enable them to be advantageously applied in the prepa- 
ration of polyether polycaitxjnate copolyesters having stiucture (I). 

Among tiie compounds having formula (II). e-caprolactone is widely preferred; when this cydic ester is used, the 
yield to (I) is quantitative and there is therefore no need to remove the non-reacted monomer from the reaction environ- 
ment. 

50 When is a divalent organic radical conresponding to 
-(CH2)4-;-(CH2)5-;-(CH2)6-: 
-CHa-CHa-O-CHa-CHa-; 

or ttieir mixtures and n = m and R2 = -(CH2)5-. i.e. it is the orgartc radical conresponding to c-caprolactone, it is possible 
to have real eutectics with extremely interesting characteristics, making tiiem particularly suitable for use in ttie synthe- 
55 sis of polyurethanes; these characteristics are represented by tiie fluid state at room temperature, particularty low vis- 
cosity and ntnimum values of the glass transition temperature (tg). lower than those of pure polycartx)nate and 
polyethercartx>nate diols and of poly £-caprdactone itself which is solid at room tenperature. 

From a syrthetic point of view, tiie grafting reaction of cydic lactones (lactides, glycolides) onto (polyettier) pdycar- 
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bonate diols has the advantage of being able to predetermine, on the basis of the stoichiometric values, the molecular 
weight of the polyol without resorting to complex processing operations in the process phase, such as extraction under 
vacuum of the volatile glycols required in the process using "molecular weight advancement" mentioned above; in addi- 
tion it has the advantage of diluting the catalytic residues present in the (polyether) polycarbonate diol onto which the 
lactone (lactide) is grafted, so that polycarbonate and polyethercarbonate copolyester diols containing quantities of cat- 
alytic residues < 10 ppm can be obtained, these qualities being particularly appredated for the use for which they are 
destined. 

The structures having formula I* provided hereunder, have particular advantages when they are used in poly- 
urethane end-products. In this case, in fact, the low tg values of the caprolactone diol and the high thermal resistance 
are combined with the greater hydrolytic resistance and high resistance to oil absorption of the polyether polycarbonate. 



Lower tg values of the polyols are generally assodaled with a better flexibility at low temperatures, this is particu- 
larly true in the case of the structures: 



Wherein R'^ can be : 

-(CH2)4-;-(CH2)5-;-(CH2)6- 

and m has the values previously defined. 

The above structures also combine a hydrolytically stable structure such as that of alkylene polycarbonate with tiiat 
of the polycaprolactone allowing a better resistance to hydrolytic aging in the polyurethane structures into which lb is 
introduced. 

The following exanples provide a better illustration of tiie invention. 
Description of materials used in examples 1>7 

DEGCD: polyether polycarbonate diol Mn 1028. N«oh 109.14. Mn 1028 obtained from diethyleneglycol (DEC: 2.2 
Kg) and dimethylcart)onate (DMC: 2 Kg) in the presence of titanium tetraisopropylate (0,17), at a temperature of 
lys^'C. 

The diethyleneglycol is distilled so as to have DEGCD with a molecular weight of about 1050. 
IBCB: poiycafbonate diol obtained from butandiol 1.4 (BD) and DMC under the conditions described in DEGCD. 
N*oH 112.13. MnlOOl 

HDCD: Polycarbonate diol obtained from hexandiol 1 .6 and DMC under the conditions desaibed in DEGCD 
N^OH 96.2. Mn1147 

RAVgCARB^ 102 and 106: polycarbonate diols obtained from hexarKJioi 1 ,6 and DMC - product sold by ENICHEM 

N^'oH 1 12.2 (±5%) and 56.1 (±5%) 
TPG(70)DEG(30)CD: obtained from polycarbonate diol from DEG (30 parts by weight) and tripropyleneglycol 
(TPG) (70 parts by weight) and DMC. under the conditions described in DEGCD. 
N^oH 88.14. Mn1273. 
CL: €-caprolactone 
VL: valerolactone 

LLact: 1 -lactide (3,5 ds 3.6 dimethyl dioxan 2.5 dione) 

SnDBL : Tin n-butyldilaurate 

TABD : 1 .5.7 triazabicydo [4.4.0] dec 5 ene 

GLY: glyddol 

BD: Butan 1.4 diol 

MDi: Diphenylmethane diisocyanate 



HO- [ C-C-O-C-C-OCO-CCCCC-CO ] 




-CCOCCOH 



(I*) 
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Characterization of the doIvoIs • - — - _ . 

DSC : tg (glass transition tenperature); mp (melting point) 
OPC : THF solution. Stiragel columns 

Characterization of the thermoelastomeric polvurethanes (TPU): methods. 

Oil absorption: ASTM D 896 
Tensile properties: D 638 

Example 1 

Preparation of diethyleneglycolpolycartx>nate copolycaprolactone diol Mn 2000 (la) 

Freshly prepared DEG CD (see legenda) containing 13 ppm of titanium as catalytic residue (g 500) in an atmos- 
phere of dry nitrogen and 0.15 g of glycidol are charged into a four-necked 1,5 1, glass flask equipped witii a feeding 
funnel, mechanical blade stiner, thermometer for the temperature control, connected to a Liebig cooler with a collection 
flask. 

The internal temperature of tfie flask is brought to 150°C by means of an external oil bath; CL (g. 490.7) is fed under 
stimng through a drip funnel over a period of an hour, ttie temperature being maintained at +150**C. 
When the feeding of ttie CL is complete, the internal temperature in the flask is raised to ITC'C. 
The reaction is left to proceed for tiiree hours. 

The temperature of ttie flask is lowered to 120*C and a vacuum (0.2 mm Hg) is applied by means of a mechanical 
punp, occasionally introducing a small stream of nitrogen from the bottom of the flask using a capillary tube. 

Under tiiese conditions it is not possible to distill any product from ttie bottom of tiie flask whidi is tiierelbre dis- 
charged from the polyetiier polycarbonate copolyester did represented by the structure la: 



O O 

II B _ 

HO- [ C-C-O-C-C-OCO~CCCCC-C0 ] g ^g-CCOCC-OC-CCCCCOH 



(la) 

with the following characteristics: 



- physical state 


liquid 


-cok)ur 




pale yellow 


- N«oH (mg KDWg) 


57.52 


-N*acid(mgKOH/g) 


0.052 


- viscosity Ops, 


+25'C 


20900 




+50*»C 


3370 




+75X 


980 


-pH 




6.05 


-tg (DSC: C«») 




-50 


- density (g/ml) 




1.154 


- solubiTrty in water (wt%) 


0.1 


- e-caprolactone (vpc) (wt%) 


0.05 
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- — 


(continued) - 


-gpc (Fig.1): 


Mn 2854 






Mw 6274 






Mw/Mn 2.20 





Example 2 

10 Preparation of polybutylene polycarbonate copolycaprolactone diol Mn 2000 (lb) 

The reaction of example 1 was repeated starting from BDCD freshly prepared by the transesterrflcation of BD with 
dimethylcarbonate (DMC) and containing 10 ppm of titanium as catalytic residue (g 450) and e CI (g 453), 

No distillable material is recovered by stripping under \«cuum and the yield to lb should therefore be considered as 
IS being quantitative. 

lb normally corresponds to the structure: 



20 



11 11 /f 

HO- [ C-C-C-C-OCO-CCCCC-CO ] J 7g-CCCC0C-CCCCC-0H 



(lb) 



25 

and has the (bUowing characteristics: 



30 


- physical state 


liquid 




- colour (APHA) 


50 




- N^OH (mg KOH/g) 


56,3 


35 


-N%cid(mgKOH/g) 


0.07 




-viscosity Cps, +25*C 


20700 




-pH 




6.5 




-tg(DSC:C«) 




-59.3 


40 


- density (g/ml) 


1.125 




• solubility in water (wt%) 


0.4 




- e-<:aprolactone (vpc) (wt%) 


0.07 


45 


-gpc(Fig.2): 


Mn 2910 
Mw 6530 
Mw/Mn 2.24 





60 Example 3 



Preparation of polyhexamethyleneglycol polycartx>nate co e-polycaprolactone diol Mn 2000 (Ic) 

HDCD freshly pr^ared from hexandlol 1 ,6 and dimethylcartx)nate and containing 12.5 ppm of titanium as catalytic 
55 residues (g 500) is reacted with CL (g 400) under the conditions of example 1 . 

No volatile material can be stripped under the distillation conditions defined in example 1 ; the yield to lb con-e- 
sponding to the structure: 
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0 0 o 

II II 

HO- [ CCCCCCOCO-CCCCCCO ] 7-CCCCCCCO-C-CCCCC-OH 



can therefore be considered as quantitative. 
Ic has the following characteristics: 



- physical state 


liqud 


-cotour(APHA) 


50 


-N*>oH(mgKOH/g) 


54.85 


-NVid(mgKOH/g) 


0.059 


* viscosity Cps. 


+25*C 


17000 




+50*C 


3700 




+75*C 


1100 


- tg (DSC; C^) 




-64.6 


- density (g/ml) 


1.12 


- free e-caprolactone (wt%) 


0.05 



Example 4 

Preparation of poIyhexamethyleneglcyoIpolycartx)nate co e-caprolactone diol (Ic*) from hexamethylene polycartjonate 
diols of a commercial origin (RAVECARB^. 

RAVECARB 106 (g 63.6) and RAVECARB 102 (g 436.4) of Enichem are accurately mixed in the reactor described 
in example 1 for two hours at ISO^'C. 

Giycidol (g 0.15), SNDBL (7.5 mg in 0.3 ml of MEK) and TABDE (7.5 mg In 0.3 ml of MEK) are then introduced into 
the reactor. 

e CL is added over a period of an hour at 1 50*»C as described in example 1 . 

The reaction is continued for 8 hours at the end of which it is not possible to strip any volatile product from the reac- 
tor applying the conditions desaibed in exanple 1 . The yield to Ic* is therefore considered quantitative. 

The basicity due to the TABDE was blocked by the addition of p.chlorobenzoylch!oride (mg 15 in 0.3 ml of MEK). 
Ic* has the following characteristics: 



-N»oH(mgKOH/g) 


56.2 


• N'acid (mg KOH/g) 


0.1 



and the other characteristics similar to those of la 

.Example 5 

Preparation of tripropyleneglycol diethyleneglycol co polycaitxjnate co polycaprolaclone did (Id) 

Freshly prepared TPG (70) DEG (30) CD containing 7 ppm of potassium (as KOH) as catalytic residue (g 450) and 
giycidol (0.1 g) reacted with e-Q (g 274) under the conditions desaibed In example 1 , but completing the reaction in 
a total time of 6 hours. 
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■ Id, corresponding to the formula: . . 



O 0 

" (f il 

HO [ R^OCOCCCCCCO ] R/OH 



is obtained quantitatively and corresponds to the following characteristics: 

10 





- physical state 




liquid 


IS 


-colour 




light yellow 




- primary alcohols/secondary alcohols (from C^^nmr spectroscopy): [molar ratio) 


2.2 




-N^'acidimgKOH/g) 




0.07 




- viscosity Cps. 


+25*C 


14700 


20 




+75*»C 






670 




-gpc (Fig.3); Mn 




2898 




-Mw 




6317 


25 


- Mn/Mw 




2.18 




-pH 




6.3 




-tg(DSC; C^) 




-48.7 




- density (g/ml) 




1.126 


30 


- solubility in water (wt%) 




1.5 




- e-caprolactone (vpc) (wt%) 




0.07 



35 Comparisons relating to examples 1 -5 

The following table enables a comparison to be made between the polyetherpolycarbonate copolyesters of the present 
invention (structures la-Id) with polycarbonate and polyetherpolycarbonate dtols and conrunerdal polycaprolactone in 
relation to some of their physical properties; the physical properties refer to polyols of PM (Mn) 2000: 

40 



STRUCTURE 


PHYSICAL STATE (mp. 
DSC) 


VISCOSITY (Cps. »C) 


Tg(»C) DSC 


HDCD 


solid. np52 


2800 (+75*') 


-50.0 


PCL 


solid, mp50 


n.d. 


n.d. 


DEGCD 


liquid 


300000 (25**) 


-23.6 






3200 (75^) 




BDCD 


solid. mp60 


n.d. 


-44.0 


TPGDEGCD 


liquid 


70000 (25^) 


-18.0 






1050 (75') 




la 


liquid 


20000 (25*) 


-50.0 


lb 


liquid 


20700 (25^) 


-59.3 
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- - - (continued) - 



STRUCTURE 


PHYSICAL STATE (mp. 


VISCOSITY (Cps. «C) 


Ta(**C) DSC 




DSC) 




Ic 


liquid 


17000 (25*) 


-65.0 


Id 


liquid 


30000 (25**) 


-48.7 



Example 6 

Preparation of diethyleneglyoolpolycartx)nate co polyvalerolaclone did (le) 

The DEG CD of example 1 , (g 1 02.8) and glycidol (0.1 g) are charged into an 0.5 litre flask similar to that described 
in example 1. 

The contents of the ftesk are brought to +130*^0 and 83 g of 6 valero lactone are added dropwise through a drip 
funnel maintaining a vigorous stirring. 

At the end of the addition, the internal temperature is brought to 150**C and maintained for 6 hours. 

The temperature of the bath is lowered to 1 15-120*'C and a vacuum (0.01 ton*) is applied to the flask by intermit- 
tently using a stream of dry nitrogen to remove the non-reacted caprolactone. 

After 2 hours, 3.8 g of 6 valerolactone are recovered. The valerolactone still present in the polyol amounts to 0. 1 %. 
The conversion of the valerolactone is 95.5% and the yield to le is 98%. le is normally represented by the structure: 

0 0 O 

fl tl (( 

HO [ CCO-CC-0C0-CCCC-C--O ] 7^-CCOCCOCCCCOH 



30 



and has the fbliowing characteristics: 



35 



40 



45 



- physical state 


liquid 


- colour 


light yellow 


-N^acid(nigKOH/g) 


0.2 




58.6 


-tgDSC; C» 


-44.0 


-GPC (Rg.4): 




-Mn 


2523 


- Mw 


5340 


-Mw/Mn 


2.17 



Example 7 

so Preparation of polydiethyleneglycolcaibonate co polylactide diol (Mn 2000) (H) 

DEG CD (g 85), glycidol (g 0. 1) and Uact (g 95) are reacted at 1 35'»C for an hour in the presence of SuDBL (3 mg) 
and TABDE (3 mg). The reaction is continued at +140**C for tiiree hours. 

Ihe contents of the flask are then brought to +100/105*C and strpping is carried out under vacuum as desat)ed 
55 in example 6. 

The conversion of the L Lact is 94%, that of If 96.8% and conresponds to the structure: 
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p CH3 0 CH3 0 CH, 0 CH, 

II ' II \ I i \\ \ ' 

HO [ CCO-CC-OCO— C OC— C] 5 ,-CCOCCOC— C— OC— C— OH 



and has the following characteristics: 



- physical state 


vitreous solid 


-NVid(mgKOH/g) 


0.3 


•N^OH 


59,56 


- GPC (Fig.5): 




-Mn 


2493 


• Mw 


3254 


- Mw/Mn 


1.31 


■tg (DSCC^) 


-0.4 



Examples 8-12 

Preparation of polyurethane thermoelastomers using the polyether polycarbonate diols obtained in examples 1 , 2, 3, 5 



Polyurethane thermoelastomers are prepared in dimethylformamide (35% of solids) starting from MDI. BD and pol- 
yether polycarbonate diols obtained in examples 1. 2. 3, 5 and 6. 

The polyurethanes are prepared at a ratio NCO/OH = 1 .03 molar and with a final content of -NH-COO- groups of 
15% by weight 

Films having a thickness of 0.2-0.3 mm are obtaind from the solutions in DMF by evaporation of the solvent in an 
oven at + 65*C. 

The films were evaluated as indicated in the legenda by Tg measurements, solvent absorption tests (gas oil. jet fuel 
2) and by tensile tests (INSTRON); the latter were also carried out after both thennal and hydrolytic aging cycles. 

The results of the tests relating to the six samples are summarized in table 1 ; for conparative purposes, table 2 
indicates the corresponding results obtained from some polycarbonate and polyether polycarbonate diols with Mn 2000 
and from a polyether diol of the commercial type (EP 530). 

A comparison of tables 1 and 2 allows the following conclusions to be drawn: 

i) the TPU obtained from the products of the present invention have satisfactory elastic properties regardless of the 
type of structure of the polycarbonate or polyether carbonate diol used in the syntheses: slightly poorer qualities 
are obtained from the polyethercarbonate copolyether diol of example 5. which prevalently has chain-ends of the 
secondary alcohol type; 

ii) the tg is considerably lowered by the use of polyether carbonate copolyether diols compared with that of the TPU 
obtained from the polyether cartDonate diol of example 1 and Is more or less the same as that obsen^ed in the TPU 
from polyhexamethylenecartranatedfol (HDCD).or the normal commercial polyether diols; 

iii) the oil resistance (gas oil and jet fuel) is inproved with respect to all the control samples with the exception of 
that of the TPU produced with polyethyleneglycol carbonate diol (example 1 of table 2). 

Owing to the polyester stnjcture the polyether polycarbonate and polycarbonate copolyesters whose preparation 
IS described herein, give thermoelastomers with a poor resistance to hydrolysis without stabilizers but a satisfactory 
thermal resistance. 

Reasonable thermal resistance and hydrolytic rea'stance are contemporaneously present in the TPU obtained from 
the polyesterpolyether polycarbonate diol from example 5. 

The results of thermo^)xidative and hydrolytic resistance up to 60 days of aging for the hydrolytic test (85*C. immer- 
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sion in water) and thermo-oxidative test (+1 20**C, oven and air) are summarized In table 3 and refer to the TPU prepared 
starting from polycarbonate and polyether polycarbonate copolyester diols of examples 1 , 2. 3, 5 and 6: it is expressed 
as retention % of the initial tensile properties of the TPU under maximum stress, maximum elongation and secant mod- 
ule at 100% elongation. 

Example 13 

Preparation of norbomenedimethanol, 1,6 hexandiol polycarbonate co polycaproiactone diol (Ig) 

A polycarbonate diol is prepared from nortx)rnene dimethanol (moles 1.165; g 180). hexandiol 1.6 (g 820; moles 
6.939) and DMC (g 838.4; moles 9.30). 

The product has the following characteristics: 



■N^OH 


107.25 


-Mn 


1046 



Ti content (ppm 18) and is normally represented by the formula: 



0 
II 

OH— [ RO-CO— ] J 26 ROH 



wherein R = 



CH2)o.uJ) 



and more than 95% of the unsaturations Is represented by nortjornene structures on the basis of the formula indicated. 

This polycarbonate diol (700 g; OH functionality > 99.5% of the theoretical value). is placed in a flask of the type 
used In example 1 and s caprolactone (g 558. moles: 4.89) Is fed In approximately one hour at +150**C and under stir- 
ring. 

At the end of the addition the temperature is raised to +1 70*C and maintained at this value for 2 hours (no addition 
of catalysts apart from that used for the synthesis of the polycail3onat6 did used as precursor). 

At the end of the two hours the content of £ CL In the resulting polycartionate oopolycaprolactone diol is < 0.15 
weight % (Vpc analysis) (Ig). 

The reaction is therefore interrupted and Ig Is characterized: 



-N«OH 




60.15 


-NWngKOH/g) 


0.06 


-Mn 




1865 


• viscosity (qps) 


25-C 


16800 




75»C 


1080 


- norbornoie unsaturations (meq/g) 


0.56 


-tg('C) 




-61.3 



14 



EP0 849 303 A2 

(continued) 



-tm(°C) 
-tcCO 



+ 7.8 
-28.4 



and is normally represented by the structure: 



O 0 O 

II II II 

HO [R-OCO-CCCCC-CO]^ 26"^"°^"^^^^^"°" 



wherein R has the meaning defined above. 



TABLE 1 



Soft phase (a) 
from ex. Nr (Mn 
2000) 


Tg rC) 


oil absorpion (1) (% w/w) 


Tensile properties (2) 






gas oil 


Jet Fuel 2 


Maximum stress 
N/mm^ 


Elongation corre- 
sponding to max. 
stress (%) 


Secant module . 
corresponding to 
100% elong. 
(N/mm^) 


1 


-32.7 


2.8 


8.2 


69.4 


1625 


7.1 


2 


-33 


5.5 


13.1 


64.0 


1463 


9.34 


3 


-35 


7.0 


17.7 


67.5 


1262 


8,47 


5 


-22 


3.5 


10.0 


45.1 


1745 


7.22 


6 


-31 


2.0 


8.5 


55.4 


1530 


8.93 . 



1) ASTM 

2) ASTM 



TABLE 2 



Soft phase 
(Mn 2000) 


TgCC) 


Oil absorpion (% wAv) 


Tensile properties 






gas oil 


Jet Fuel (2) 


Maximum 
stress N/mm^ 


Elongation 
corresponding 
to max. stress 
(%) 


Secant mod- 
ule con-e- 
sponding to 
100% elong. 
(N/mm2) 


Controll 


-31 


6.3 


17.7 


71.4 


1145 


8.2 


Control 2 


-1 


1.0 


4.3 


65.5 


1530 


11.3 


Control 3 


-43 


9.3 


20.5 


61.8 


1375 


7,7 


Control 4 


-32 


13.2 


26 


51.5 


1698 


7.0 


Control 1 HDCD (polycartK)nate diol from hexandiol 1 ,6) 

Control 2 DEGCD (polycaitK>nate did from diethyleneglycol) 

Control 3 PTMEQ 250 CD (pdycaitonate did from polytetrahydrofurandiol) 

Control 4 EP 530 Ethyleneglycolbis propyleneglycol b ethylene glycolether 
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TABLE 3 



TPU from PC- 
RESCD as in 

Ex. Nr. 


60 days aging 




Hydrolysis test (a) retention (%) 


Resistance test thermo-oxidation (b) retention 
(%) 




l\^aximum 
stress (%) 


Secant Mod- 
ule (%) 


Maximum 
elongation (%) 


Maximum 
stress (%) 


Secant Mod- 
ule (%) 


Maximum 
elongation (%} 


1 




decayed 




74 


104 


118 


2 




decayed 




88 


98 


102 


3 




decayed 




89 


105 


113 


5 


63 


103 


64 


63 


108 


87 


6 




decayed 




78 


•107 


104 



1) test at +85°C, immersion in water 

2) lest at +120''C 



Claims 

1 . A process for the preparation of polycarioonate copolyester diois with a molecular weight of between 1 000 and 6000 
units having the following general formula: 



0 O 

'I II 

HO— ( — ( -R^OCO- ) ( -R2CO- ) ] -R,~OH ( I ) 



wherein the polycaibonate or polyethercartxsnate diol unit 



O 
// 

-(Rl-OCO-)„- 



represents a prc^rtion of betweoi 30 and 70% by weight of the whole polycart^onate or polyether carbonate co- 
polyester diol 

Ri is a divalent organic radical deriving from one or more polyelherglycote or aliphatic glycols containing from 
4 to 20 cart)on atoms; 

- R2 is a divalent organic radical corresponding to a cyclic lactone having a ring with 4,6,7 atoms or an organic 
residue deriving from a lactide or glycdide; 

- n and m, the same or different can have any value between 2 and 40; 

said process being characterized in that cyclic esters having the formula: 
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( 



C O (II) 

H 

0 



wherein Rg has the meaning defined above, are reacted with polyethercarbonate or polycarbonate diols having the 
formula: 



O 

HO (RiOCO)„ OH (III) 



wherein and m have the meaning defined above, at a temperature of between 100' and ISO'C and for a time of 
between 2 and 10 hours. 

The process according to claim 1. characterized in that the compounds having formula I are obtained by adding, in 
a time of between 1 -4 hours, the compounds of formula II and those of formula III, at a temperature of between 120* 
and 170«C. 

The process according to daim 1. characterized in that Ri represents one or more radicals selected from the fol- 
lowing group: 
-(CH2)4-;-(CH2)5-: 



/ 

-(CH2)2-CH-(CH2)2-; 



-(CH2)8-:-(CH2)9-; 



CHj 



-CH2-CH-(CH2)7-; 



-(CH2)io-:-(CH2)ir: 



-CH2V ^CHj- 




The process according to claim 1. characterized in that Ri represents one or more radicals selected from the fol- 
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lowing group: 

-(CHg - CH2 0)i.9-CH2-CH2- 



CH3 CHj 



-(CHg - CH2 0)^.5— (CHj-CHj 0),.4-CH2 - CH - ; 



-(CH2-CH2-CH2-CH20)i.4 CH2-C2-CH2-CH2- : -(CH2-CH2-CH2-CH20)i^ (CH2-CH2-0)-CH2-CH2- 

CH3 CH, 



/ \ 

- ( CH2-CH2-0) ^.s-CHj-CHj- 



5. The process according to daim 1 , characterized in that R2 represents one of the following divalent organic radicals: 

CH, 
I ' 

-CH2-CH2-; CH2-CH; -(CHj)^ 



CH, CH, 

f / ' 

-CH2-CH2-CH2-CH- ; -CHj-CHj-CH-CHj- ; 

CH,(H)0 CH,(H) 

\ // f 

-CH~C-0— CH- ; 

CH3CH) CH3 (H) CHjCH) CH3 (H) 
-CH2^C~CH2~CH2~C~ ; 



6. The process according to claim 1. characterized in that is a divalent organic radical or a mixture of radicals 
selected from the group consisting of: -{CH^4 -(CH2)5 H[CH2)6-; 
n = m 

and R2 is a divalent organic radical corresponding to '{CH^s-- 

7- Polycartx)nate copolyester diols having formula (I), characterized by a molecular weight of between 1 000 and 3000 
which can be obtained by the process of claim 1 . 

8. Polycartx)nate copolyesterdiois having the formula: 

O O 

j( <i 

HO- C C-C-O-C-C-OCC-CCCCC-CO] j,-CCOCCOH (la) 
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wherein m has the values defined above, which can be obtained with the process of claim 1 . - • • 
9. Poiycaibonate copolyesterdiols having the tbrmula: 



0 0 

II II 

HO— [ -R ' ^ -0-CO CCCC-CO~ ] ^ ~0H 



wherein R'^ represents: 

-(CH2)4-;-(CH2)5-;-(CH2)6-: 

and m has the values previously defined. 

which can be obtained with the process of claim 1 . 

10. Use of the polycarbonate copolyester diols having formula I as additives in the field of polyurethane end-products, 
thermoelastomers, paints and adhesives. 
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FIG. 1 

Mors Area Mn- 2BS4 6274 Hv- 6274 HZ- S564 
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FIG. 3 

HOPX Area Hn- 2898 6317 Hv- 6317 Rz- 9647 



Weighted Percent 
^ X 10-1 

O O |A n] 

• • • • • 
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FIG. & 

Nora: Arei Mn- 2523 »f- 53^ Mv- 53< Hz- 8172 
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(54) Process for the preparation of polycarbonate copclyester diols 

(57) The invention desaibes a process for the preparation of polycarbonate copolyester dols with a molecular 
weight ranging between 1000 and 6000 units having the following general formula: 

' 9 9 

HO— [~(-RiOCO-)„~(-E2CO-)„-]-R,--OH (I) 



wherein the po!ycartx)nate or polyether polycarbonate diol units 

-(R,-OC?0-)„- 



represent a proportion of between 30 and 70% by weight of the whole polycartwnate or polyether cartx)nate copolyes- 
ter diol 



- Ri is a divalent organic radical deriving from one or more polyetherglycols or aliphatic glycols containing from 4 
to 20 caftx>n atoms; > 

- R2 is a divalent organic radical corresponding to a cyclic lactone having a ring with 4, 6. 7 atoms or an organic 
residue deriving from a lacttde or glycoiide; 

CO - n and m. the same or different, can have any value between 2 and 40; 

CO said process being characterized in that cydic esters having the formula: 

O 

CO 



00 



Q. 
Ul 



(II) 
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wherein Rg has the meaning defined above, are reacted with polycarbonate or polyethercarbonate diols having the for- 
mula: 



H0~ (R,OCO) ^~R,~OH (ill) 

wherein and m have the meaning defined above, at a temperature RANGING between 100** and 180**C and for a 
time between 2 and 10 hours. 
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